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f0?11>..$.9%9112: @#..:2F ! 1#H$'310'$B#2. $IDIME# KE#1Q2*+)*O#IMBE:Al: @!R).$'#..01112$#3#27211>. :8$*9#!
12:@#..:2FIMBE::Al: @!1);A$SOFABBCC#2+$'#!10'$B#2.$9D0!ISES.IBE*CO#2!G*.|G2$99# | GESAHIOEH! #8:'+!
*)9E:2!G*.|B$.$9$'IOEH#I TH+#2*AlU:--)'$8*98$:".1U:--$..$:'0!ISE#!IBS$HG . #P C2#. #+!$'19ES. ISEXCO#2!*2#!

OE: #:@!9E#I*)9E:2.1*'+1+:1"OI'#8#. *2$AD 1 2HGEAHBRAG .| @ 9E# TUUDR2I®!$9.1U:--$..$:'#2.1:2!
9E#2!.9*@@0!

I

Electronic copy available at: http://ssrn.com/abstract=1306427



INTRODUCTION
L$3SO*Al+$BS+#. 1" 2#1*-'3I9EH!- MCR318:'8#2".I$' IHAHB:--)'$8*93:" |

C:A$8DO0!IV@!*99#'9$:' | C*BHISBSEH. 1$.19:13# #2*0# ASBEOWY). 9| E4*BIOE#'IC:A$8D%
SH#2.12#)$2#1%88) 2+ 9 1-#* ) 24-#'91: @ 9E# BFCI)#.9$:'01V'IOES.I8E*CO#2FIGH!* . #..!
-#1:@I9EH.9%9$.9$8*A10: MIBE$2$8*Al2# #+28E#2. )} 419 241+ $3$9*Al+$BS$+#.0117) 2!
@:8).19.1:1#8:":-#92$812#324#..$:'1.9)+$#.1).$'31+*9* @2:-1-*' DI$'E$+)*A.FIE:) #E:A+.F!
:213#:32*CE$8I* 2418+ DI#t-C$2$8*AL.0)+$#.1: @ 19EBHBISBS+#* *ADK#!*182:..% #89$: '
:@+*GH IOEHIHPOH'O!: @ 1+$3$O*Al+H#CA: DYHOURIO)+$H#.1: @!;2:%+; ¥ +I\/'OH2'#O188H#. |
FOHIFIARHS IHPH-CARIX2H@#219: 19ERISP @121 8$9*0S IWRIEH. #1.9)+ $#. F!
24 H*OBEH2.12#324..1;2:%+:7'+1.): 82$CO$: 1 1BE*2*89#2$.9$8.1: @ I9EHIE:) HE: A+!: 219E#!
*HFEIHHCH +$'31 1OEH*0)2#]: @ | OEH* BEGRGIO! &HOE +.1).#@: 21 OE#!;$'*2D!*884#. .
+H8$.$:'12% 3 @2:-1 TNMI2#32#..$:' FIC2 * PRI 3$919:1-: 2#18:-CASS*O#t+1#.9$-+9:2.
O*SA24+10:1) $I)#H @#*9)2#.|: @ OEGIEOPIX TA*--1 ZIUE*)+E) 2$F15<< [\ 1 2$#3#21Z1 () F!
5<<=YOU#.#*28E#2.1*+1C:A$8DY%-*H#2 ) ABTEHI2#.)A9.194B$@D!.); C:C)A*9$:".!
OE*QI*2#1C2:'#19:IASH! 19EBCR+H#: @ 9E#!+$3$9*Al+$BS+#0!
"E*OI$.1-$..$'31@2:-1-1.9): @!9E#. #I*CCBEH.1$.|9E#!*;$A$ID!9: 1. *DI-)8E!*;:)0!
OEAM"$% @!9H#BE"A:3$8*Al*+:COF-RIP*-CAHFIO*HH! #1: @I19E#I2#.)A9.| @2:-1 12$#3#21Z!
()IX5<<=Y?11:A*8H.I$'IOEH#OOMOL.);.82%;#49;+ 2IL MN!I*QI*I A: G#212*0#I9E*'1+:IGE$I#.0!!
O GH#2#+1*2#19E#1J)#.93".|: @ |GE#IE#RSBS+#1$.1:' ADIOH#- @D F1* 1C2#+$89#+!; D!
OE#I8*98E!)CIEDC:9E#.$.FI*+IE:G12*C$+AICHAIBA: #1$@!.:01 SEH H1J)#.9$: " 1*2#!

8A: #19:19E#IE#*29!: @!C);A$BIC:B$3+!+$3$9*Al+$B S OIS 9!;)9!18A . #1J)$8HAD!

6!

Electronic copy available at: http://ssrn.com/abstract=1306427



G$9E:)9!$'9#2B# 9% FIC: A$SD-*H#2.1-* DRHSRHBO!IC); ASBI 24 1) 284 HA HGE#2#0!!
1#2.$.9#'913*C.FI. I9E#!:OE#2! E*PIRG*22+'9 @) 29E#21.9)+ DI*'+1*89%$:0!

"H1%$-19:1$-C2:B#1:)21) +#2.9%+$'3L: @!1*CC2:C2$*9HIO#BE '$I)#. 1) #+19: 1 *ADK#!
OE#1+$3BI*Al+$BS+#1*+I CAEBAHN 2#+)8F'31$90!"#1) #1+*9*1"ILMNI*+:C9$: IS 1 OE#!
OOMO!9:18:-C*2#I9E#IC:A$8D!$-CA$8*9$3 I @2$BR*+$9$: *Al82:..%.#89%: *Al**AD.$.!
G$IEIOE*QI@2:-1+)2*9$: I**AD.$.FI* I*CERHTION) +#206).#+! $:9$8*AIOHBE '$I)#S
+$3$FAl+SBSHH2# #+28E@P)BMD2$;) 9. 19: I9E#IC: ASSERAQ) 24! IOEH#! +$3$9*Al+ $BS+#!
$I9E2##1G*D.0I"#1:#3$'1;:DIBA*2$ @ BERMEISAIAS-$9*0EDI82:..%.#89$: Al
**AD.$.0I"#I*AIC2:C: #*+I#PCA 2#IGEHR @ :2-*8#1: @!+)2*9$: 1**AD.$.I*CCAS$#+19:!
2%+ ¥ +19%H#96) C1+%9*0117 @OHOKI* 241 *B*$A* A#IX: 21 SASAD!#13*9E#2#+Y 1 'IE:G!
A3IHIE:) HEA+IE 1) 82 #-+19:1: 24+ ¥ + FI#BH#1$182:. 06 #8S: *Al+*0*1 #9 0!
>CC2:C2$*9#AD!8: +)89#+1+)2*9$: I**AD . $. {B18DE2$ @ DIOE#I9#-C: 2*Al+$-#'.$:': @ 19EH#!
+$3$9*Al+$BS+H0N TS *AAERRHF2*9$: 1 *AD.$.19::OE#2I-HOE +.1). #+19: HP*-$ 1
OEH#IO#-C: 2*Al+$-#'.$:': @!9E#I3*CON 1 2ABGNSH.1.)BEI*.I"E $O*B2HIX5<<=Y ¥+ TA*--!
ZIUEX)+E)2$IX5<<[Y!E*B#I* *ADK#+!+*OBOHAAD 2:-1+$@ @#2#'919$-#IC#2$:+.011"#!
#PCA2#IGEH#IEH21+)2*9%: 1*AD.$.| DS@@H2#918:'8A).$:". I9E*'1+:#.1C+ #AT#+0*
“*AD.$.1*+IGE#IEH212#.)AQ. 1* 241 #2ADI$' 9#2C2#9%, Al @:2!C:A$8D!-*H#2.0!

V') 21-C$2$8*Al #89$: FIGHHP*-SHHGE*+1@:2ILMNL 2: %+ *+1$'1 @$B#!O0MO!
9*0#.011S:18:-C*2#192*+$9$: *Al82:..% #FAS*AD.$.IGSIE+) 2*9$: 1**AD.$. 1" +IC* #Al
++OH-HOE + . FIGH! @:8).1*09#'0$:'1:132:)C.IC2: #19:IOE#!+ $3$9*Al+ $BS+#211 2*8S+Al-$': 2595 .
K LIG-HONHI* #. 19EHI3*CIOE24#HG*D. 0V 2+$*2DIA#*. 01 J)*2#. 1" +1C2::$9124#32#4..$: !
).$'3I9E#182:..9.#89%: *Al+*O*BEEES. I8A: #.919:IGE*OI$. 1§ .01.0)+$#. FI#.9% A$. E#. !

X #ASHI@:21:)212#.)A9.0!_#PIFIGH! ' SBIX*A.1H":G'1*.1.)2B$B*AY!**AD.$.19:!

5!



CH#*H19:I9E#IC*8#1*0IGESBE!3*C.I8* | # I #ACHEA #0!I T$*AADFIGHIS*1) #I9E#182:..%
HB9$*Al+*O*F18:) CAH#+IGSIE I OEH S @ I ESBIE:) #E:A+.1.);.828:#+F10: 1824+ 0#1*]
D'OEH#OISBICHHAI+*9*| #91:'| B2$CI$:'.92#98ES'3!;*8H! GEHH+O#!: @I9EHI82:..%.#89$:']
9:IGE#ILMNIG*.|@$2.9!+#CA: D#+$ 19E#PES+0! SE# #1*2#IOE#1+*9*I9E*Q1G:) A+ E*B#!
B SARARIE*+].);.82$CO$: | ##'1.) 2BH#DEHDS: +$S+*AADIO: ISHEIHA++0* #OFI@:2!
#P*-CAHOISEHIA*QOH#219G: |-HOE  +. 1" ORMION-C: 2 Al+$-#' $:': @19E#!; 2: %+, *'+13*Cl
@:219E#.#132:)C.0l1>AE:)3EIOE#2#1$. ! IB* A$BB#I$ 1 OEH!- - +HEAOE#I O#BE ' $J)#. IGH#!
) #1*A*CCAD!9:IC:A$8D!**AD.$.0!"#IBLRIE *01+) 2+9$: I *AB.:#.918*C9) 24.19E#!
+D*-$8.1: @IQEH!; 205+ ¥ +IZ*C M +HIBF 1 #1¥] ) #@)Al*++$9$:19:19E#**AD9$8!9::Al;:Pl: @!
+$3$O*AI+SBS+HI2H #+28E#2.011!

"#14+#.82$:#19E#]. 9%0$.9$8*Al- +#A . IGSOG:JBIOE*QIOEH 24++#21$.| @*-$A$*2!
GSOE!*+B*8#+1#8:":-#92$819#8E'$J)#.0I SERBEIOE).| #2B#.1* 1 OE M 24 @#2#'8# @:2!

C2+89$9$: #2.1%+1* 1*: ARSI @: 2! @) 9) 2#1 24 #*28E0!

BACKGROUND

Literature
TB#2I9E#IC* 9! #B#2*AID#*2.F!; 2: ¥4 @0%: |E*. | ## | GS+#AD!.9)+$#+0!"#IA::H!

$'9:1-*$'1#P*-CA#.|: @!9E#IC2#B$:)#528E!$'19E $.88$: FI1#-CE* $K$'3I9EH!

HOE:+:A: 3DV +1*Q) 241: @ OEHI+*0*1) #+GEWS21#.9$-+9$:.018:. OI*)9E:2.1) #182:..%
H#89$: *Al+*G*FIXAQE:)3E I @#GI9*HHI*+ BHONBH @H-+182:. VRSB Al+*9*Q1I"#IC* .|
BH2IOE# 2 ASH2I 3# #2* A MH@H. | A1 HS'31*01 C 24060t 25 1+ $3$9* Al +$BS+#. I X#030F !
T*$2ABHFIS<< YEI* IGHAAI* | O)+SHIBNTBS+)*A 1 21E:) #E:A+.|@:219E#1)'$9!: @!

**AD.$.0!!!

Al



>-:'3182:..%.#89%:*Al.9)+$#. FIOE#!A: 339! AH@:2!;$*2D!E:) #E:A+!BE:$8#.!$.19E#!
-.918:--"I-H#9E:+:A:3D#-CA:D#+IXL) @ @D%L#" FI5<<<\la2$+#AF!]*CC:C:29F!*'+!
S*DA:2F!5<<6\]*CC:C&9N)F!5<<MIMO*'9:'FI5<< YOIUZARAFIM$+*HF I ZIM$' 3#2!IX5<<5Y!
). OH+HIABSOF I IHPOHLID 19EHIA: 39! - +#AF19: 1. 9F-*O#!; 2. %+, *'+1+#-*'+0l]_'#.@!
OE#H #I#P*-$'HIOEH#1S-C*89!: @ | 3#'+# 282124 #-*'+0ISEH#IC2::$9!- +#AIXNHS3EF!15<<A\!
M*B*3#!1Z!"*A+-*'FI5<<bY!$.1A#..18:--:'AD#-CA:D#+0!IN#SIEI X5<<NYI$'BA) +#+IB*25*; A#.!
@:212*8#F!;)9!@*$A#+19:! @3'+!.$3'$ @ SBHIF B@ CREHX;)9!*A.:18:)A+!":918:'92: Al
@:2!;2:*%+;*'+1*B*$A*; SAFIDY 0 1 2$#3IBBZKF Y1) #1*IC2:; $9!- +#AI*+*CO#+19:!
*332#3*9%:".I: @!E:) #E:A+!+*9*19: | @ $HGEH#'F!;A*8H.FI*'+!($.C*$8.|E*B#!A: G#2!

+#-*'+1@:2!LMNO!

9$-#.01UE*)+E)2$FI TA*--1Z1(:22$3* IX5<<MADK#! +*9* @ 2:-IOEH# 1#G V' OH#2'HO1¥'+1
>-#2$8* INS@#112:WHB9IGSOE A 359! #OEHR!: @!$9. I#POHFSOEH!: 2 +#24#+IA:3$0!
CHEAFINH @$HOE*OIG -# 1%+ AXBH. * 2 MRS HHADIO: 1 ):. 82%:#19:1;2:%+ %+ 0l SE#!
DHH2HHIABSOI-HHALS.1) #+19: 1A HI*OI O PRIES#2* 28 E$8* Al QB ISBADH2'#O1*88H. |
B.0I+$*A%)CI*88#..1B.0L:2:%+; ¥ +188#. OHIZAUE*)+E) 2$IX5<<[Y!8:-#19: I9E#! *-#!
8:'8A).$: IGSIEIA*OH214++0*| @2:-IOEH#! JABHIHP*-$ H+IGSOE I OEH#2!: 2 +#2#+IA:3$9!

S HEAOITS*AADFI"ESO*82#IX5<<[Y BHHAISED - +#AI198:B#2) ES@OISEHIS @A) 8#!: @!
E:).#E:A+IBE*2*89#2$.9$8. I"AIBH:-) $8+9$:".I$' @2*.92) 8R! 1 24 $+# OF*AL 2%+ '+
*+:CO$I1+#85.$:" . O"#1+G+1: 0l @$'+1.9)HB@!;2:%+ ;%' +1*+:C9$: 19E*Q!) #IC* #Al+%9*!
HOE:+.1:219E*01#-CA:D1+)2*9$: 1**AD .$.0!'B: G1:#A: GIOE*91+) 2+0$: I**AD . $.1$. %!

) H@)AIO:ALD: 4++24 1GBHA)9$:': @1+ $3$9*Al+$BS+#.0



The catch up hypothesis
SE#19#-C:2*Al+$-#'.$:'l: @ *1+$3$*At#EBIC*2*-) 9IGE#'1-*CC$'3!.9%9$.9$8.!

Q:IOEH#I2#*A-1:@!C:A$8DO0! 1#2.$.9#'0 BE3FOMRMB*). #1 @:2!8:'8#2'FIGESA##B*'#.8#'9!
3*C.I*2#:@!A$99AH!8:" #I)#'8#OIU#'92°AIGAD . $.1$.19E#!" 9$: @ 19E#!*+:C9$:'18) 2B#?!
IE#@2*89%:": @!C:9#' 9S#AN: 2*+:CO#2. |GE:|E*B#!*A2iD K +:CO#+FICA:99#+1:B#2!9%-#!
XT$3)2#!16YOSEH#I9E#:2D!: @!9#8E+AGI A | X ##!"E$9*82#! X5<<[Y!@:2!*!.)--*2D!
CH#H8$@%$8!9:1;2:*+;*'+Y I#PCIRERL!8:--'AD!:; #2B#+!:3$B#XM%.E*C#+Y!*+:C9$:'18) 2B#!
DIA#*2'$'301"E#' | @#G!E*BHCI#+!*I'HGI9#8E" A:3DF! @EBRIGSAAIA#*2'1*;:)91$91X: 2!
#18:'BS'8#+I9E#D!.E:)A+*+:COY *'+I0E#T9$:'18)2B#12$.#.|. A:GADO! : GHAAIZ! 7 2#']
X5<<5YI*AIESSEASIEQIOEHI2:A#.|: GHSB'@; 22$#2. 1%+ A#*2'$'31#@ @#89.!$'LMN!
*+:C9$:'01>.198-#IC*. #.1¥'+1-2# 1 2#1#PC #+19:19E#1$":B*9$:'BE#!*+:C9$:"18) 2B#!
$'82#* #.1-:2#12*C$+ADO!/B#'9) *AADESHEACT+:CO$: " A*8H# .|\ GE#'I-..9|E*B#!
*+:CO#+IF+IOE#12#-*$'$'3IE:A+:)9.1*+:C9.A:GADO!

S#P9; H!+$@ @).$:"19E#:2D!8* #!19E).|GE$Br98E%)C!IEDC:9E#.$.0!/B#'1$@!*!
32:)CIE*.I*IA:G#21*+:C9$:'12*9#19E* I 9OE#I@H FEH!C:C)A*9$: ' FHC $89#+!; DIOE#!IE#*BD!
*+:C9$:'18)2B#!$'| T$3)2#16F!;:9E!8)2B#.!18:'B#ZB@)AA!*+:C9$:'#B#'9)*AADO!"ESA#I @) AA!
8:'B#23#'8#!)'+:);9#+AD!#P$.9.I'AD!$ 190B#R | @!-*9E#-*9$8*Al-: +#A$' 3FIOE#!8*98E%
)C!IEDC:9E#.3$.!).#@)AAD!E$3EAS$3IES.|OBZH2! CFP %@ 9% '3+ +*D!-*DI+$. *CC#*2!
9:-:22:GO!M#8:'+FI#B#'|GE#') A9$-*9#ABHR 3$'3FIOE#!*+:C9$:'12*9#.1-*DI+$B#23#!
*-1'3132:)C.I$'$9$*AADO!V'.)BE!8* .#.F!82488%:*Al**AD.$.|G$AA!)'8:B#2!9E#.#!3*C.0!!
S#-C:2*2D!3*C.1*2#!"91'#8#..2$AD!G$IE:)9!C:A$8D!8: ' ¥&BA#B$+#'8#I9E*9I9E#!G*D!
*+:CO#2.1) #IOEHIV'O#2'HOIBE*'3#.1* | XBHDHP CH2$# 8#!:' A #HIX#O30F!"#$.#2F5<<<YF!

+3@ @#2#'8#.1$'19E#19$-$'3l: @!*+:C9$:'I-*DIA#*+19:1+$@ @#2#'8#.1$'1V'9#2'#9!) *3#!*-1'3]

b!



32:)C.1#B# *@9#2!-: . OIE*B#!*+:CABHB2+F!*IHAD!J)#.9%:'1$.1" 91-#2HADBBS+#.|GSAA!

+$.*CC#*21:)9E$ 0!

COMPARISON OF METHODS

Theory
"#18:-C*2#| #B#H2*AIH8: " -#92$81-#9E: +!$':) 21#PCA:2*9$:'011/8:":-#92$8*AAD!

HPCH2SH 8#+12#*+#2.18%' | HSC!9:19E#!"BBOIOHBH#1:) 21#-C$2$8*Al2#.)A9.0 T: 219E .. #!
G$.E$'31*,28#@12#B$#GFIOES.| . #89%:' #91 . JHIFD | AS#* 21V ER:;$9182:..%.#89%:*Al
2#32#..$."1- +#HA @ 2,3 2D +#CH +#'9 1 BRS. F1+) 2* 98 M *ALD. FI*'+1CY#Al+*9*]

-#9E:+.0!1l!

Cross-sectional methods
N#*.91.*9$.@*89:2D!@:2!C)2C.: .#.!.: @H$'BDE.3|9E#!8*98IEMICOEH. $.1*2#!182:..%

#893:*Al-#9E:+.FIGE$BE!*99#-C9!9:!)'8 WA #9#2-$*'9.1: @ !*+:C9$:' | GSIE ! +*9*!
2H#@A#89%$'3!:'ADL'#IC:$'9!1$'19%-#0! V' 1O#PEB)@H!6F!82:..% . #89$H#+O*1$. 19*HA' | @ 2:-!
E:).#E:A+.IX:21:9E#2!)'$9..:@!:; #2B*9$AAI*QL'#I1C:$'9!: 9B I$-#1*PS$.011U2:..%
H#89$:*AL9)+$#.18*'1)'8: B#21+$.C*2$9FHHIT9$: 1*-3L.);.#9.  :@!9E#IC:C)A*9$:'F!;)9!
3#H2*AAD!8*":91*++2#..1E:G1J)$8HACBOE##B#A: C#+!:2!-$3E9!8A. . #0!!!
SE#182:..9%.#89%:*Al.Q)+$#BSHGH+I$'IOE# ASSH 2R ' *; . B#! - +#AIOEH#!
-1+ COS: " 12¥0#1 @ : 2% 1E:) AEA+1* 1*1@)' 8B | X *IAS #*218:-;$*9%:': @ Y #PCA**9:2D!
B*23$*; A#.1X9RAH.&//0. ¥ ?!
1 IX1:@2Y'dbR!l Y! X6Y!
GE#2#413.1*1:$*2D!B*2$*; A#I9*H$'3IB*A)#.16!$ @ E: ) HE B+ CO#+FI*'+I<.OE#2G$ . #F!
21$.1*1B#89:2!: @!2#32#..:2. F*$:1*I1B#89:2!: @!8:#@ @ $aFHB.98-*9#+0! V' IOE#!8* #!. @!

:2+$*2DIA#*.91.J)* 2# IXTNMY 12#32#..$:'F19#2-#$BES!04(4") "1 1 H#OS&)GE#H'!

e!



*CCAS#+!19:1;$*2D+#CHHB*2$* A#.FIOE# @) @SB IEHIS+#'9$9D! @)'89%:'01"#!*..)-#!
2H*+#2 1 2#1 @*-$AS*2!GSOE! 7TNM!-#9E:+.0!!
V'IC2::$91X:21A:339Y - +48. IE#18)-) A*0$B#!+#' $PBIEY!: @!9E#!_12-*AlX:2!
A:35.958Y!+$.92%;)9%$:'01112:;$9!-:+#A. | E*BBMI*3#!: BH#2IOE#IAS #*21C2:;*; $A$OD! - +#AF!
GES$8E!S$.!:9!18:--:'AD) . #+!I$'I9E#!; 2:*+;*'+1*+:C93$:"1A$9#2*9) 2#0! O'ASHA OE# ! AS ' #* 2!
C2:;*;$A$9D!- +#AFI9E#! C2HCEBIBSASID!: @!*+:C93:" | @2:-19E#!C2:;$9! - +#AIS.!; 1) +#+!
HIGHE IKH2: ¥+ HEI* 1*1C2:: % SASOD!L ENBHON"ESA#IOEH#C2:;$9! - +#AIS.I":1-:2#]
+$@ @3$8)A9!9:!1$-CA#-#'9IGSOE!-: +#2' O* BB ISTAOE*S. I 7TNMFIQE#!$'90#2C2#9*9%:". @!
OE#18:#@ @$8$#'9.!1$.|A%..1:;BS:). OV FRIERI 8. #@ @ $8$# OB 24 ... 2Y 1. 1*A.:
OEHA(.%"$()'&++EHOEH##@ @#8UWL @!*!)'$9!$'824* #1$'12#324DIV'I9E#IC2:;$9!
- +HEAFIOE#!8:#@ @$8$#'9!3$B#.19E#! . $3'REBIOLH@ @#89!;)9!:9!$9.|A#B#AF'GES$SE!S.!
I ¢ R YFIQE#!+#2$B*9$B#!: @ !9E#!8: HBOXBKIGSIE ! #8Q19: 12#32#. BN IM$'8#IOEH!
-*23$*AlH@ @#89.1+#CH '+ 19E#I+*OANKDEEF2 . |$' OE#I#P C2¥ FOE#D!*2#!19DC$8*AAD!
8:-C)9#+1*QI#FOEH2I19EH!-#*'. @ 9E#1 24822, DI*B#2*3$'319E#!-*23$*Al# @ @#89! @:2!
#*8E!:; . #2B*9%:':B#219E#! *-CAH#ON"#1+:1I9E#! @: 2-#2!;:#A:GO!
U2:..%.#89%:*Al-#9E:+.FIA*8H$'3*O@2*Al+$-#'.$:"FI8*": 9. C#*H!9:19E#!
8*98E%)C!EDC:9E#.$.1* £ EMLC:29%'9!)9IA$-$HHI@ : 2! C:A$8D!IC) 2C: .#.0!!
_H#HB#H29E#AH. . FIQE# #!-#9E:+.18*'1+:8)-#'9*"G129AD #PCA*$ 1 OB #94. @ +$3$9*All
+$B$+#£.1*9I*'DIC:$'9I1$'19FSHEBBE!$. 1 9IGHIE:)9IB*A)#0!I T)29E#2-: 2#F!-*'D!19$-#.F!:'AD!

82:..%.#89%:*Al+*O*I*2# *B AR C*29$8)A*2AD!IGE# BES RABD!$.| @$2.91*B*$A*; A#0!!

Duration analysis
"E#'19E#!C)2C: . #:@!9E#!**AD.$.1$193-*0#!*+.CO$:'18) 2BF *1"*9) 2* Al-#9OE : +!

0:1).#1$.14)2*9$:' 1**AD.$.011Q$B#1$9.1A:' 318$*9$: | GSOE!;$:.9*9$.9$8.F1+)2+9%: 1**AD.$.!

I



$.1*A.118:--"ADIH G'I*.1.)2B$B*AI**A D.$.0IISE#2#!*2#1-* DI#PB#AAH 9I9#PY;: H!
92#+9-#'9.1: @1+)2*9$: 1**AD.$.IX#030 F KB BFAR 1 24 O$BHF 15 <L FYH 24 GHIC2# #'9)
ADIOE#!* $8.IH#+H+19:1)+#2.9%+1:) 21#.99$:.011V/'1:)218:'O#PIFIOE#1+)2*9$:1: @!
$'9#2#.91$.|9E#19$-# @ ZHBESA*;SASID!: @!; 2#H 9SAIXIE:) #E:A+1*+:CO.I9EH!
O#BE":A:3D0!ISE#I@)'+*-#'9*Al Of'1+)2*9$: 1**AD.$.1$.19OEB(.5".(1& F XYFIQE#I2+9#!
*QIGES$BE!*+:C9$:'1:88)2.13$B#' 19E*9!$9!+$+!":01:88) 2! # @IQUNOBHRL : ' 9$*Al
+)2%9$: "1 +#A. FIQEH#IE*K*2+12*9#1 @21 E:) #EIA+HAH+* 111 @)'89%$:'1: @ WP CA**9: 2D
B*2$* A% IX: @O# 18 ROHH(1&/'S' . O#++1: @ 12#32#..:2 1) 2*9$: **AD.$.Y ?!!
! - XY!dHPRX Y! X5Y!
IPCI#9$*9$'3R1 1#')2#.19E*QI9EHIE*K*2+12*0#1$#3%B$BHOIIV@! " @)'89$:".|: @!9$-#!
*QHIS'BA)++1*- 1 BIOEHI: B*2$+0#. FIOEH E*K*BRIQEBMHP C #'9$+Al-+#A1$.18:".9+90!!
SE#I$'BH#2.#!: @!OEH ERPHE. IOEH#!-#*'1+)2%9$.'| @ : 219E#I#P C:'#'9$*A LS4
$'9#2C2#9*93: @!8:#@ @$8$#'9.1SAEHRSHSOE). .| @:AA:G. 2!I*IC: KIS BMNGH. !
OE*QI$'82#* #.I$'1OE#1*..:8$*O#+18: B*2BOHHIGH OEHIE*K*2+ - #8p#* HIOE#I#P CHBOH+]
0$-#1)'9$AI*+:CO$:'0lU:#@ @$8S#'.18* MPOAAC 24 0t+1* AE 3% AS 121243245
AR ) '$OIS'8 24 #1$'DIS 824+ #.19EHIEFK*2+1: DI*CC2: P$- 4080 CH28# 9*3#
C:$'9.0/ISE#HPC: #'9$*Al- +#Al$.I9E#]. $-CA#.9R @BOEIAS()-(8(.5 1-+#A.F1.:%
_H+ 8% #18:B*2$*9#. |E*B#I*IC2: C BB *AlH@ @#B89!: 19EHIE*K*2+12*9#011!
SE#IH#PC: #9$*Al-+#AI$'1$9.1. $-CAH @ESIH1$9.18: . 9 9IE*K 2+ 2*9#F1$.1":9
@AHPS:A#I#)3E19:1$'B#.9$3*O# ORA)IGHERIC : OE#.$.0!!(:G#B#2F!:D!.CA$99$'3!#*8E!
+)2*9$:'1$'9:1- OE %A 3IS'OH2B*A. IF#H+$'31+)--DIB*2$*: At | @: 21 9E#!-'OEFIOEH!
% HASHIEFK 2+ 250#18* |1 +#AH+!" C*2*-#92$8* AAD O UNNOHI* 1 +)--DIB*2$*; Att!

@:2!-'9EH IG$IE!8:#@ @ IBIHIB 2#!C2#8$. #ARIBLI* 9O#C!@)'89%:"19E*9!$. IK#2:!



)9.$+#1-OE! # IX9$-#+!@2:-19E#!.9%29!: @ | 9B$IFI29I OEHIS*A#t'+*OMt #IGSIES 0!
U:AA#B9IOE# #1$'0:IBHBOY '+ IS 0lISE#'1:) 2! #-$C*2*-#928BHP C: '#' 9$*Al-: +#AIE* |
E*K*2+12*9#1@$-'9E! #!dI6FfF, 1:@!
! - XYIdIH#PCXYS YHPOX YId! AY#PQA Y! XAY!
SE#!;* #ASHIE*K*241$.ICSHBHGS.#18:'. OFOHIB*19*H#I*' DI EXCHE!'' C*2*-#92$8*AAD!
*88:)'0$'31@:219E#!:* $81+)2*0$: | C2 TR : @ 9E#!+*9*0!1"#18:'. 9 2*$9: 1:#18:. 9+
GS$IES'I*1-'OE ! AD!;#8%) #HILMNI*+:CO$:'1$:)214+*9*1$ I:; #2B#-HOIOEH#!-'OEADI A#BHA!
*+*DI*++$9$: *AS (.| OE*9I @) 29E#2! C*BSSPRST) A+ #1)'$+#' 9S @ SHMI'8#19E !
B*2D1+)2$'319E#19$-#1)'9$AI*+:CO$:' | @:2!1*@B+)R*. 9$'3IA 3H219E I #1-'OEFIG#!
"GIE*B#!I"#&<9(.1"$%'709(."(|&ShU.Y0!/PCA$8$9!92#*9-#'9!: @!ShU.18:-CA$8*9#.!
10%0$: FI*'+IGH#I$3 21 9E#!I$. ) # E#2# BHEDIGEH | C2#.#'9%'319E# @:2-)A*| @: 2! 9E#!
*+:C9%$:18)2B#1$'1#J)*9$:'1X YL #A:GYO! T EE89$9$: #2F | QEMBR))#.9$:'1$.IE:G!
9:1.#91)CIOE#!+*9*|@:21#.9$-*9$: | GEHIOEMB hU . FI* +19E#I* . G#21+#C#'+.)' | GE$SE!
@9G*2#IC*8H*3#I$.1 H#+0

"ESAHIOEH#I*++$9$: L E@HH. IOEH#* #ASHIE*K*TBINHPS; A#F ). CHBS@$8*9$: X Y IX*.!
GHAAI 1:9E#218:--1'| #-$C*2*-#92$BIE*K*2:##A. 1 )8EI* I9E#IU:P1- - +#AY 1. 9$AA!
$-C:.#.1C2:C:29$:*A$9D!:" I9E#1$-C*89!: @ 9EZBBR0!IV @1*18:4@ @$8$#'9! @:2!($.C*$8.15.!
%<06F!@:21#P*-CA#FIOEH# 19E#$2IE*K*2492*SHBIBI*AG*D.1;#1X*;1)9Y I6<il A:G#2)!
9E*1"'%($.C*$8.1$' 1*AAL-'OE.01IS: I 2#A*PIC229$: *A$ODF | G#I$BBAEH!8: B*2$*9#.|: @!
$'O#2#.91X$'1) 218* #HFIQEHIB*2$RAH&FS"/3($"7FI*'+12) (7 @ \G$IEIOEH!-'9EAD!
8:.9%9.0"$OEI*I'#G!.#9!: @!8:B*2$* I NVFIF!: . XYIXGEH2HIO*+.|@:219E# @#-*AHF!
($.C*$8FI*'+1: A*8HIB*2$*; At Y FIOE#1$-COBSABR* 25 Att. I 1O #ASHIE*K*2+18*']

B*2D!@2##AD!*-:'3!-'OE.OII"ESA#I32#*OADI$'SBE#H!")- #2!: @!8:#@ @$8$#'9.19:1;#!



#.9$-*0#+FIOEH#I*++#+] @ A#PS; $SASOD IS: 19 B SIBBI0# I OE#ISHYBEE DC: 9E#.$.0117) 2!
#:2-:).1)-#21:@!:; #2B*9$:" . |-*H#. 1#.9$-* 9 JIOE#I*++$9$: *AlIB:#@ @$8$#'9.1":!
C2:;A#-0IV'L-*AAH21+%0% #9. IOEH#I+H#3@HEI2HH+:-1-*DL# f#+1)CI12*C$+ADF!.$'8#!
$'9#2*89% 3IIB*2$*; AHI*EAISH@ @$BFH'D.19:1:#1#.95-*9#+0!

"SOE!I*I#.9$-*0#!: @!9EH#IXO$-#%6 B* EDG' DI O#FI8*AB)A*9S$:|: @I9E#!*+:CIS$:']
8)2B#1$.1.92*$3E9@:2G*2+0! SE#!*+:COSI@ZBHAADIOEH!8)-)A*9$B#!I+#.$9D! @)'89$: !
| @I9E#!+)2*9$:" I3SBHI1OEH!:; #2B#+18:B*2BA#-012+124#.)A0.| @I 2B$B*AI**AD.$.!
XarA;@A#S$.8E!Z!12# GRSAVI.E:GIOE*0!@:2!: ) 2HAFIOEH*+:CO$:'18) 2B @:)'+!

@2:-19EH#HIE*K*2+12*9#1* |

12X ¥ %#IIQ%Z!- NI

H XY!

* 0 &/#P@&?@)kjy;*ﬁ#m@) 3, X,
GE#2/$.1C*29$9$: #+1$'9:IShiU1*'+1:9E#218:B*2$*98! 1$.19E#!")-;#2!:@!-:'9E.!
CH#+1D! IFIF+| 1 1S 19E#1*-:)'l: @19$-#1.C#'9I$'1-'OE# 0!"$OE 1#.95-*9#. |- T F!
*4] IS IEX+FIC2#+$89#+1*+:CO$:'18) 2B#B3# #2*9#+@:2!¥'D!.);32:)Cl: @!9E#!
C:C)A*9%$:'!;D! . #99$'319E#!8: BARIFIEH#I*CC2:C2$*9#!B*A)#.0!

Repeated cross section and panel data
>|@#GIC*C#2.1$'19E#IA$9#2*9) PANXAABOEY)+E) 2$FI5<<[\I"E$9*82#F15<<=Y!

#*BEI9S-#ONHCH*O#+!:; #2B*9%: I I9E#KY)'$9.l: @!**AD.$.FIH":G'I*.IC*#Al+*9*F!
#*, A1 2#1 . CE$.9$8*9#+1- +#AP'3IOE>' |+ BRH!: 21 2#CH*9#+182:..%.#89%:" \ ##!(.$*:!
X5<<5Y!@:2!*I#P8#AAH 9192#*9-#'9l: @-#HOE AR @ : 2| CHH#AI+*Q*OI"#1*2#1"9I*G*2#]: @!

C2#B$:).IC*#AL9)+$#.:@"; 2%+, ¥ +1+#-*'+1).$'31$'+$BS+)*A%!: 21 E:) #E: A+%A#BH#HAI+*9*0!!

6<!



SE#132#*9#.91*+B*'9*3#!. @!|C*#Al+*GHISHBKEOD!9:18:'9AR!)":; #2B#+!@*89:2.!
CHBS@$8!9:19E#!)'$9!: @B*9%: ' X#030F!E:) #E:A+. YMIE2F'+#2182:..%.#89%: *Al
#.98-*9%:"12#.)A9.1$'B*AS+ISEREH!) #: @!2*'+:-1:2| @$P#+1#@ @#89.01 1#2E*C.!-: 2#!
$-C:29%91@:2!C2#.#'9!C)2C. . #. FIC*#AI+1OEBFIASIEQ! ' I9E#I+D'*-$8.!: @ *1+$B$+#!

S'BHIE:) HEA+.1*2#1 @:AA:GH+!:B#219$-#O 1 ¥ #AI-HIE  +.*2#*B*SA* A#1 @ : 2| A #*2FIC2:;$9F!
*+IA:3$9!- +#A.OISE#$ O 2H B+ #21$. 12# @# 224+ IXEEEY | @: 21+#.82$C9%:".|: @!

OE# #!*'+1:.9E#2IC*'#Al-+#A.0!

An empirical application of the methods
SE#!+*9*IGH#I**ADK#!$.!@2:-16jj=%5<44FBED ! D#*2.!: @!LMN!*+:C9%$:'0!! SE#!

B$'9*3#!: @I9E#!+*9*IA$-$9I9E#I*CCASG 2 RADIOLIG! C 24 #'91+$3$9*Al+$BS$+#.0!!
(:GHBH#2FIOE#I+*0* #OIE* | OE#21*+B* BBRHOI-*H#I$9!.)$9* A#10: 1+#- . 92*O#IOEH!
8*'+$+*O#|-HOE  +I0I SE#I+*0%18: B#2IE:) #E:A+.I8H2ID<F<<<IU#'.).LA:8H.I$1@:)2!
&$+G#.9#2'100MO!.9*0#.011 T: 21#*8EI U QHINOE#+#CH +#'91B*2$*; A#1$. |G EHOE# 21O
A OUHIE:) HE:A+]);.82$;#.19:19E#1$'8)#'9ICE:'#18:-C*Dg.ILMN!.#2B$8#0!17'AD!
[ A:8H.IGE#2#ILMNI$. *B*$A*; A#I*2#1$' OIS BHI$9!$. ) ABFIE ! L MN! @2:-1*'D!
[OE#21C2:B$+#21G:) A+ E*BH##]: @ @EHIESS'S)- #'9g. | #H2BSBHI*B*$A* A#FIOEH!
+O*I3SBHIMIB: +1-#* ) 241 @ ILMNI*+: COBUDE A +#-1.): 82$CO$: 1*'+1:9E#2! @:2-.!
[@V2:%4 IV OH2HOI*88H. . 1 24018 BH2#+I$ I OE#I+*O*FIE: G2 " ESAHI OEHI+*9*1*241":9)
*QIQEHIE:) #E: A+ A#BHAFIOEHI3#:32*CES8I @$ #'#. S NBBHAGR3H!)- #2!: @!
' H2B*9$: I HAIOEH H#+*9)ISI)HON 1 2$#3#2171 () X5<<=¥I82$:#19E#18:'.92)89%:1: @!
OE#I+*9* #91-:24# @) AADFI*'+ I+ "PADKHBI*182:.. % #89%: *Al-#OE:+0!!!

BHHINOEHI+*O% HOI2HIUH' ). IB* 288 1-#*) 28 JI9EH!)- #21: @ E:) #E:A+.1$

OE#!;A:8HFIOE#!2*8$*Al*'+I#OE'$8!8:-C: 4B ®@R*89%:": @!G:-#'FI*'+1$'8:-#0! SE#!

66!



A*Q9#21$.1*332#3*O#+I$' 19EH#IU#'.) 1 +*FIALIBR!32:) CIA#BHAF!*'+1 . 1S *AAI#.9$-*9#.1G#!
8A).9#2|19E#!:; #2B*9$:".I*QI9E*Q| AHBIBXIGHA*9$'3I9E#HI2+1#22:2.1: @ !9E#!
#.95-+9# B11*8EIU#.).1;A:8HIS.1*A.:|-*O8E#+19:I9E#I CE:'#18:-C*'Dg.!A:8*Al #2B$8#!
*2#*1$'9:IGE$BE!$9!@*AA.0!!!
T:219E#!82:..%.#89%:*Al**AD.$.FIGHHYHMEE:9!: @!LMN!*+:C9$:"1*.|: @!&*28E!
5<<<IC2:B$+#+!$19E#!+*9*FI*OIGESSE 9%t Ab8H. |E*+I*1E:) #E:A+!.);.82%;$'3!9:!
LMNO!T:219E#!+)2*9%:'I**AD.$.FIG#!82#ZBH9$: .| IOE#!9$-#)'9$AI$'$9$*Al*+:C9$: 'l
DI*IE:) #E:A+I$'19E#!; A:8HNSS-#HIHAYC #+1$.1-#* ) 2#+ @ 29: I OE#IS'SIS*AI*B*$A*: $A$ID!: @!
LMN!$'IOE#LA:8HF!I*'+1.:14)2*9$:".| @: 21 AI8H$ @ @#2#' 91 A:8* AL #2B$8H!* 2#* . 1* 241" 9!
'#8#..*2$AD!:88)22%$'31*9I1GEAB*A#'+*219$-#0!RA:8H.I9E*OI'#B#2!.);.82%;#+!*2#!
+)2*9%:".1@: 2| GES$SE!E##'+$'319$-# 1B\ O FI*'+1*2#1-*2H#+1* 12$3E9%8#'. . 2#+!
 #2B*9$: 0P IIT:219E#IC*#AI**AD.$.FIG#182#*9#!-'OEADIC*#AI+*9*| @ 2:-19E#! &*28E!
5<<<I+*O* M +HIQEH#IS' @:2-*9%: "' IGE#' | @$2.9!*+:C9$:'1:88)2.1$'1#*8E!; A:8HO!!>!; A:8HI9E*9!
8:)A+IE*B#!.);.82%;#+!9:ILMNI*ID#*2!:#@:2#!*'DIE:) #E:A+1*89)*AAD!+$+F! @: 2!#P*-CA#FIGSAA!
E*B#IK#2:#.1@:2!19E#!*+:C9$." | B*2$2I8BI@OE.|;#@: 2#!$9!18E*'3#.19:1:'#!)C:"!
*+:CO$: M +IQE#2#* @ 9# 20! SEH#I+*9*1*2#1#J)$B*A#'919:1*1-"OEAD!*+:C9$:'1.) 2B#D!: @!*2#*.!

GE#2#!LMN!$.1#™*; A#+0!

Results from cross-sectional models
S:I#.9% AS.E** #ASHI @ 2ILMN!*+: CHDIES.| #89%:'|GHIC2# . #'919EH#I AS'#*2!

&*28E!5<<<O!#.)A9.1*2#IC2# . #'9#+!$' . B I6IXTNMY I*'+15IXC2:;$9YI$'IS*; A#160!!
7)21-*$ S +HCH +#'9IB* 28 A#.L.@!$'9#2#.91$':) 21#.9$-*9%:". I 2#19E#! @ 2*89%: | GSOES'#*8E!

U#'.).LA:BHIOE*QI*2#1 @#-*A#F!$+#'9$ @ R GHBIEH  2$9DF ! : 213G *'$8I#9E '$8$9DO!

65!



V'1#.9$-*9$:" 16F* $+#1@2:-12*8#F 1 #OE'$SEIDF2 1 G#!8:'92: Al @: 219E#!A:3!: @!$'8:-#!
X$TAH#BHA.I¥'+1.0)*2#.19:19#.91@:2!"' Y2 ED8H. Y FI*B#2*3#E. ) HEBKHFIOEH!")- #2!: @!
E:).#E:A+.1GSOES'I9E#!8#".).,; A:BHF*'#9!: @!$'+$8*9: 2| B12% | @:2!9E#!A:8*Al
O#AHCE:'#! #2B$BH# XB#' 902* A GHOBBS ! 2: A#!: @ |9E#!8HD @ B8#!$'+$8%9:2.1$.19: IE:A+!
8:".9¥9I*AAI)":; #2B#+!@*89:2.18:--"19: I AAE:) #E:A+.1$'19E#!*2#*0!IM)8BE! @*89:2.!
$'8A)+HAIE:GIAILMNIE*.!;## *B*$A*; AHUEH8#'92*Al: @ @$BBEEIE; $A$ID!: @!
8:-C#9%$9:2.*A.:l: @ @#2%$'3ILMN!$'19E#FBERIB#2*3#!B*A)#!. @ *AALOE#2!)':; #2B#+!
@*89:2.19E*91B*2D!*-:'3IE:) #E:A+.0!!

SE#18:#@ @$8%#'9.!@2:-'7TNMFI12#C: 20#46F 124! $-$A*219:19E#!-*23$*Al# @ @#89.!
@2:-19E#!C2:;$91#.9%-*98: 'FI*'+IG#!+$.8 WP O#20!1V'18:-C*2$.:'19:IGE$9#. FI9E#!
#P8A)+#+18*0#3:2DF!:'AD!>.$*.1*'+1:OEBZIIE*B#!. $3'$@$8*'9AD!A:G#2!C2:;*;$A$9D!
X6706i!*'+!e0ei!2#.C#89$B#ADY!:@!LMN!*+ SRIO+:CI$:1$.|A:GH2!@:2!>.$*.1$.19E#!
CC.L.$M#:@!"9$:*Al.9*9$.882$#3#2!ZI)FI5<<=YOII"#IE*B#! @#G!>.$*".1*'+!|:9E#2!
2*8#.m!$')21&$+G#.9#2' *-CA#IXNO[I*'0[il: @!C#: CA#F!2#.COYF!*'+1:) 212#.)A9.1-*D!
"OL#I2#HC2#.#'9*0$BHOISE#'#3*O$B#! SHAD@B8S -#'1*'+!, A*8BH. 12#B#*Al*+:C9$:'|
3*C.F!;)9*2#1$".$3'$@$8*'90!!M)2C2$.$'3ADFI9E#!8:#@ @$8$#'9!@:2!($.C*'$8.1$.1C:.$9$B#!X;)9!

$3'P@$8*'9Y0!RA:8H.|GEEN-+IA*23#2!E:) . #EA+.I*2#!1-: 2# ASH#AD!9:18:'9*$'I*]

#8*).#I9E#18#'92*Al: @ @$8#! @ $P#+ | HBHEODEIIR 226*9$:'|$'*B#2*3#!1$'8:-#1*-:'3!
A:B*AlL#2B$8#!*2#*.0!

SE#182:..%.#89%:*Al#. 9T #A+* | @#G!12#.)A9.1:@!":9#0NTS2.9F!*.I:'#!
8:--'AD!@%$'+.IGSOE!$*2DI+#CH#'+#'9I1B* 2P AH#HA . FI$OI-*09#2 MGAGEHOEH#2!'#!) #.!

C2:;$91:219E#AS#*21C2:;%; $ASIDE- H&RBIS' 9#2#.9$'31$.19E*IQE#I**AD.$.I+:#.1":9!

6"



)'8:B#21+$3$9*Al+$BS+#.IGE#2#!:9E#2!.9)H38:IAZHI@  219E#-FI#P8#CO! @: 2| 9E#!|:9E#2!
2*8#m!8*9#3:2D0!VI!-*D#I19E*9L: 2%+, @ % $:'| G*.| @*$2AD#B#'1*-'319E#!C:C)A*9$:']
$'IOE#1.9*O#. 124 C2# . #' O# HEHIP 0! ((GHBH2F ) 21**AD . $IHEA#I'#PI!. #89%: ' A#*+.1).19:!
8:'8A)+#!$ . 9#*+I19E*QIOE#!82:..%.#89$*AAS.| @*$A.19: l@%H ' +13*C.I9E*9!+:!
#P$.9!1@:2!G:-#'F;A*8H.F!*'+!1($.C*'$8.0l I/ ABDFI9E#2#1$.!"|G*B¥8"H!9:19E#!8*98E %) C!

EDC:OE#.$.|GSOEOE# #1243 DADEH#2#1$.1" 19#-C: 2*Al+$-#'.$:"1$ 19E#!+*9*0!!

Results from duration analysis
"#1"G!18: $+#2|GE#OE#2!+)2*9%: ¥ *ALB. | EA+.1*++$9%: *AIASIEQ! IOE#!*+:C9$:"!

HPCH2$H#'8#!.@!G:-#'1*+1-$":259$#.0!!SG:|.CHBS @ $S@FIE#H!+) 2*9%: ' - +H#AI* 24!
8:-C*2#+1$'IS* A#IS?1'#1$' | GESSEIOEH#BA2ZA @:2!;A*8H.F!($.C*$8.FI*' +1 @#-*A#.*2#!
8:".92*$'#+19:1*@ @#89!9EH#!E*K*2+12*O#MAADIXYP$-*9%: I YFI*'+1*: OE#2I$' | GESSE!
OE#D!*2#1"91X/.90!"YO!ISE#!8:#@ @ $8E#19.DEAD!+)--DIB*2$* A#.1*2#1 A*23#.91$'|
-'OEL'#IX.E:G$'3I9E*9Q!-*'DIE:) #E:A+.1* +:CIOILMN!$--#+$*9#AD!)C:"*B*$A*;$ASODY!
*4+1:B#2*AAIB2#*9#1*12:)3EIO%. E*CH#+ E*K* PN *E#.9$-*9$:". FIOE#IEDC:9E#.$.!
OE*QIOE#!8:#@ @$8#'9.INOEAD! +)--D!B*2$*; A#t. I*2#1#J) A*BE . OE#2!$. 1 2#W#89#+0!!
SE).I9E#!;* #ASHIE*K*2+12*0#: @ !*+:CO$'FILMNG: . O 91X 21#B#'1-:9:'$8Y I$'!
OE#. #!+*9*FIGE$8E!-*H#.1:) 2] #-$C*32$8!*CC2:*8E!*I*CC2:C2$*9#!8E:$8#0!

1.9%$-*9%:" " LE:G.1I9E*9!G:-#'F;A*8H.F!($.C$8.F!*'+!> . $* . IE*B#!.$3'$@$8*'9AD!
AGH2IE*K*2+12*9#.1@:2!LMN!*+:C9$:'0! SE)RI$9!9:19E#!.)33#.9%:".|: @!9E#!82:..%
#89%:*AlI2#.)A9.FIOE#. #I3WYEIH#!A:'3#2!:' *B#2*3#19+:COI*@9#2ILMN!;#8:-#.
*B*$A* A#19:19E#-0!ISE#!18:#@ @$8%$#'9! B2!VESLEZ' $@$8*' 90! SE#!8:#@ @$8$#'9.!@:2!
A:31$'8:-#!$-CADIOE*Q!*.1$'8:-#1$'82#* #.19E#19$-#19:1*+:CO$: 1 +#82#* #.IX@:2*AA!;)9I9E#!

;:99:-1<0[il: @!$'8:-#. YOUN*23#2IE:) #E: A+.1* A 1+#82#* #19E#19$-#19:1*+:C9$:'0!



1.9$-+9$:'1N8:" 92+ IOEH# @#-*AHF! A*BHS.C*$8IB*2$*; A#.19:* @ @#89!9E#!
E*K*2+1C2:C:29$: *AADI2#3*2+AH..|: @ HA#QIHHIIRFPIOES. 1*..)-CO$:'19:1$'B#.9$3+0#!
9E#18*98E%)C!EDC:OE#.$.!1$'1/.93-+9$: 1 FI$' | GESSEIGHI*AA: GIOE#I$-C*89!: @ 9E#.#I9E 2#4#!
B*2$* A#.19:1+$@ @#2!$ 1#* GEHAIC #+1*@IH2ILMNIS$. B*$A* A#O!I>I EDC:OE#.$.19#.9! @: 21 9E#!
OE2##1B*2$* A#.I9E*9IOEH#I8:#@ @$ESH'9. I$ 1 OEHHP CH +1-+1 HOIF2#IHI)*AIS TAAL-'OE.FIGE$SE!
O#.9.19E#1*.)-C9$:': @!C2:C:20$9DF!$.1.) +AD! 24 WHBORHHSEIB*2$+; A#O! SE#I$-C*89)!
*11 $3'S@$8*'8H!: @!OEH!: OEH2IB*ZBH HBA*219:19E*91$'1/.9$-*9$:'10!

U*98E%)CI$.!-:.91#* SADI$ BH#. OSBIBIBEHI*+: CO$: BR#.1$-CAS#+1; DIOEH!
8:#@ @$8SH'9.0SEHI*+:CO$: 12*0#.1@: 2! GBH:FI(8.C*'$8.FI* +1:OE#2. ¥ 24132+ CEH#+!$']
T$3)2#150!1"#AS-$9I9E#32+CE.19: | OESHESEN @ 9#2!LMNL:#8:-#. *B*$A*; A
#8%) #1"| @) 29E#21%+:CO$1$.1:; #2B#+1) OSAGE 5501 SE#I*+:C9$:'18)2B#. 1*2#19E) .| @ A*9!
)'O$AI-"OEISEFI*+IOE# IOE#IBH@ @$BSH'9. *2HHSIEH2!S SHB@BRZGLRIA*23H1* +!
H3*OSBHEEH()&B;CC'($5'>"/3($"7B;CCYF!.:I9E*QIOE#!*+: C8SZB#. 12#-*$''#*2AD!
@AMIBG:18)2B#.1*2#18*A8) A*O#+1$ #*BEMD:18:-C*2#IOE#132:)Cl: @!$'9#2#.9! GSIE!
#BH#2D #I#A FOV'I9E#19:CIC*#Al: @19EH# @ $AAASERFOH @:2!G:-#'1.9%29.1%91506i!
*@9H2I9EH @$2.9!-'9E!: @ *B*$A* SATIIMOABERDH2!'$ #1-'OE . 01&#'1.9%291:)!
GSOEHB<0NI*+:COS$: 12*OHF ¥ +IOEHI*; . AYSB @H2H BH HOGHH1-#1¥ +1G:-#1.9*D.|
2#A*9$BH#ADIS: .9*91*82: . MEAEO!SE). FIOE#2#1$.!" HBSH@!G:-#18*98E$'31)C!0:!
#'14)2$'319E# @$2.9!D#*2!: @ *B*$A* $A$IDO!

SE#1*+:C9$:'18)2B# @:21;A*8H.I$ | OE#HESHAAL E:G.I*1+$@ @#2#'9!.9:2D0! SE#!
*4:CO$:'12*0# @:2!;A*8H.1. S DOQ[iI* @ 9#2I9E# @$2.9!- BB HR*; SASIDF!8:-C*2#+19:!
0=il@:2!"'%;A*8H.0ISE#I*+:CI$:'12*0#! @ BIIRSBH.19:1 0N+ @ O#2!'$ #-'OE. F1;)9!

OE#I3*CL#IGH# |, A*8H.I*'+1.9EK-); A#.1:B#2193-#F! @ BOG! C#28#'9*3#!C:$'9.1* @ 9#2!

6b!



C#1-'9E19:1505!C:$'9.*@9#2!'$'#!-'OE.O!_9I:'AD!+:I;A*8H.| @*$A!9:18*98E!)C!+)2$'319E$.!
C#2$:+1: @!$'$9$*AILMNI'BASBRFIOE#D! @*AAI @) 29E#2!;#E$'+0!

($.C*'$8.!|@*2#!+$@ @#2#' 9ADWEHIGA*8H.18:'8#2'$'3!*+:C9$:'0!!
($.CH$8.IE*B#!*'*+:C9$:"12*9#!: @! 06i!$'$9$*AADF!8:-C*2#+!19:16<0[i!@:2!":'%($.C*'$8.0!!
($.C*$8IE:) #E:A+!*+:C9$:"12$.#.19:1e05i!* @B#F#!-'9E.0!1>@9#2!*1. A:G!.9*29F 1 9E#$2!
3*$1$ 1+ COS: 1 2#132#* 9#219E* 1 9E*IMD(RIC*'$8. FI*'+19E#$21*+:C9$:'13*CI*22:G !
;DI6=iIX@2:-1e0e!9:!b0"IC#28#'9*3#!C:$'9. Y | HYERBIS-#0!1($.C*'$8.1+:1;#3$'19:18*98E!

)Cl1#B#'1+)2$'3!:)212#A*9$B#AD!; 2$#@ ! C#2$:+0!!

Results from panel data models
V'I9ES.|.#898%:' | G#12#C#*QI9EA# 7TNEUIR* . $012#32#..$:". I B'3IC*'#AI+*9*19:!

8:-C*2#19E#!+)2*9%:'I**AD.$.|GSOE!*":9OBE#D!: @!.9)+D$'3!+$3$$BH+#!+D"*-$8.0!1V'!

+)--$#.1@: 21#*8E!8*A#'+*2!-'OE IS IOE#1#.909S:'0"#!*3*$'I$'BA) +#1$'+$8*9:2.! @: 21 9EH#!
A:8*AL#2B$B#!*2#*.19:18:'92: Al @:2!)":; #2BBt#PAS' B*2$*' 9| @*89#BH@ $8!9:19E#!18#'92*Al
:@ @$8H#*THNOS SHF I1*.| # @ 2#F IOE#!8 # @@SBSHIM #.9$-+9$:" | @:2!LMN!*+:C9$:'!
*2#1.$-$A*219:19EH#!-*23$*Al#@ @#89.! @2, $9E#H9$-*9%.' | GH#IC2# #'91'+1+8.8)..I.'AD!
OE#IA*99#20!!SG:|.CHBS@$8*9%:".I*2# I BUS* 2N 0!1V'1/.9$-*9%: " IbFI9E#H!*+:C9$:"13*C!
HIGHH' |G- #'1+-#'1$.18:" . 92*$#+19:1:#! 8. 9%91:B#219$-#F ¥+ *-#1@:219E#!3*C.!
HIGHH 19E#!-$":289D!132:)C.I*+19E#$2!"'2$9D!8:)'9#2C*29.0!1V'l/.9$-*9%:'le FI9E#!
*+:C9$:'13*C.1@:2!G:-#'F,A*8H.F1*'+1($.C*$8. M AA:G#+!19:1B*2D!*.19$-#!C2:32#..#.0!!!
V'I;:9E#.9$-*9$:" . FIOE#I8:#@ @ $8RHIEUD 'OEAD!$'+$8*9:2B*2$* A#.I* 2#!
C:.$9$B#F!.$3'$@$8*'IF!*'+I13#'#2*AADI$'82#*.$'31:B#2!9$-#0!!SE#!-'9E!8:#@ @$8$#'9.!; D!

OE#- #AB#.12#C2# . #'9.19E#;* #A$'#!*+:C9$:'192#'+1@:2I*AAI32:)C.1$'1/.9$-*9%:"IbI*'+1 @:2!

6e!



"'%; A*8HF!":'%($.C*'$8!-*A#.1$'1/.9$-*9%:'le0ISE#!+*9*19E) .| E:GI9E*9l:B#219E#!C#2$: +!
L#8#-,#2!6]j=%&*28E!5<<<F!+#-*'+!@:2ILMN!.$8B.1C2:32#. #+I$'|9OE#!2#3$:'0!1|#8*AA!
9E*9L.$'8#!'ADIU#".).L,A:8H.IGE#2#!LMN!$.1*B*$A*; A#I*QI0EHIE:) #E: A+1*2#1$'8A) +#+1$']
#*8E!-'9EQ.I+*9*FIOE#12#.)A9.1+:1"9-# 2E8BH!) CI9E*9ILMN!, #8:-#.1-: 2#1G$+#AD!
*B*$A*; A#0!!

V'1/.98-*9$:" IbFI9E#!.$3".1*'+1.$3'$ @ $8*' S#UIEGH 8. #@ @ $8$#'9.! @:2!$'8:-#F!")-; #2!
'@!E:) HE:A+.FIF+IE:) #E: A+ SK#I*2#9E#IIF IOE#18:22#.C'+$'3182:..%.#89%: *Al
#.98-*9$:"1X/.9%-*9$" IS5YFI*'+IG#!@:8).!"19OBH#RS* A#.l: @!$'9#2#.91$". 9#*+0! SEH#!-*23$*Al
#@ @#89.!.E:GI9E*9!> . $*.I*'+I9E . #IH19EMR 1 2*8#m!8*9#3:2DIE*B#!.$3'$@$8*'9AD!A:G#2!
XOE#!IA*QO#2!:' ADI*QIOEAHBHAY I*+:CO$:'12*0#. I9OE GEEH8K.0!":-#'I*A. | E*B#IA: G#2!
*+:C9$:"12*9#.1X6<i!.$3'$@ $8*'8#! AMEERFAYHOI SE#I3*C. 1*2#] $K#*, A#?!6[051! @:2!
> $*.FleOei!@:2!G:-#'FI*'+1660<il@:2!:OE#218#.0 | SE#2#!*2#! .- *AAF!$".$3'$ @ $8*'9!
*+:C9$:"13*C.L#OGHA L, A*8H. ¥ +IGESI#. I #DGH##'($.C*$8.1¥+!''%($.C*'$8.0!!

U:-C*2#+!9:19E#!12#.)A0.|@2:-19E#B289$: *Al#.9$-*9%:'FIOE#!#.9$-*9#+!
*+:C9$:I13*C.I*2#IA*23#2!1 @: 21*AAI32:) OB IF 1#P8#CO! @:2!; A*8H.0ISE#IA*23#2!")- #2!: @!
L H2B*OS IFALIAH+.19:1.9%05.9$8* Al EB'B@R*A;#$9!'ADI*OI9EH#I6<i| A#BHAY | @: 2! 9E#!
3*C.1@:2!G:-#'1*'+1:.9E#212*8#.0!V'*++$9%:'F!).$'3IOE#I CH'#AI+*9*12#4- . B#. 19E#!*":-*A)) !
C:.$9$B#!18:#@ @$8$#'9! @:2!9E#!($.CH' SSBH2PIAUNE. ) A9. 1*2#1- 2#IF' AT #IGSIE!
2#.)A9.1@:)' +!$19EH#IASIH20YRBE H1$.1.92:'31@:2!).$' UK +*9*1: B#21*182:..%.#89%:'F!
#B#' |, #@:2#!-:B$'319:19E#!*)3-#'9#+| #O AR $*, A#.1$'1/.9$-*9%:"1e0!1"#18:-C*2#!9E#!
CH#AI+*9*12#.)A9.19: I9E#12# @NIE#!+)2*9$:"**AD.$.I;#A:GO!

V'1/.98-*98:" 1eFIG#!$'9#2*89!19E#!-.'9E!$'+$8*9:2. |GSOE9E#!IB*2%5* A#.|@:2!G:-#'F!

A*SH.FI*'+1($.C*'$8.19: 1#B*AQHIE:GIOE#$2!*+:C9$:'| 3*CABRO! I SE#!-*23$*Al#@ @#89!

6[!



@:2F'#030F!;A*8H.!$'1-:'9E!b!$.|OE#! SHBB @ E2HAHBHA @2 1 *+:COS$: ' #9GH#H#'!
A*8H.I*'+IGES#.I$'19E#! *-#1-'9EQ! IV @SE3$*Al#@ @#89!$.I'#3*9SBHF I OE#2#!$. 1*!
;2: %+ +13*CI9E*9!-'9E! @: 2!19E#!32:)C!$'1J)#.9%:'0N'SE#!I3*C.I$' ILMN!*+:C9$:'1*24#!
+#CSBYH+I$'1T$3)ZHAN0
SE#!1#.93-*93."1$'+$8*9#. |9E*OF ! * 1GERIIE) 2*9%:'1#.98-*98." . FIQE#2#!*2#!
$3'@$8*9!1+$@ @#2#' SHHBIAS:': @!9E#!; 2:*+,*'+13*C.|@:2!G:-#'F!;A*8H.F!*'+!
($.C*'$8.01V'I-'OEL'#F!'ADI9E#!3*C! @B24#"1$.1.$3'$@$8*' 90! (: GHB#2F!*.19$-#!
C*. #.19E#!3*C.12#B#2 #0!T:2!G:-#'FIOEMR22:G.|.$3'$@F$8*'9AD!* @ 9#2!#$3E9!-:'9E .F!
GSOE@#G!-:'9E.!. @1 2#B#2 . *Al-$PHISRAIOE# @$*Al-'OEFIGE$8E!.E:G.!G:-#'!
.92:'3ADI*E#*+!:@!-#'0!($.C*'$8.1.9* 29! GHIEOF*AAD!":13*CE!IG!.92:'3#2!1*+:C9$:'!
9E*'!"'%($.C*'$8.19E2:)3EI9E#RBID#*2F*'+I9E#" #3$'WB! E*2CAD!$'19E#!A* 9! @#G!
-'OE.Q!ISE#!IC*99#2' @:2!;A*8H.!$.!. $-SA* DA @KS.C*'$8.F1#P8#C9I9E*9!9E#D!E*B#!:'AD!
C#1-9EL@!.$3'S@$8HIAD!-: 2#1*+:C9O$: IOEFESI#.0ISE#!IC*99#2': @!8*98E!)C!:B#2*AAF!
OEH#2#@:2#FI$.1C2#.#'91@: 21 9E#IG:-#'1;) A 2 A*8H. *'+1($.C*'$8.0/ I SE#!$-C*89.!: @!
OE#I:9E#21B*2$ A%, 1241 3# #SAAENO: 19 #1$'1/.9$-*9$:'1bO!
S:18:-C*2#IGSOEIQE#I2#.)A9.: @ | OEE:HIPAD. $.F!18:" $+#219E#!-#.. *3#I T$3) 24!
6!1.)33#.9.1$@!$9!$.192)'8* QB OE 011 7'#1G:)A+!8:'8A) +H#I9E*OI @#-*A#; 2:%+;%'+]
*+:CO$:'101' ADIB*98E#.1)C19:I9E#!:* #ASHENRL*. #.1$90! I RA*SIE.C*2#'9AD!.9*29!:)9!
*Ef+1 @1:9E#2.1;)91. A:GAD!A: #IOE#EPB#B%-*D;# @*AALHES +011($.C*$8.1*A
(9*291)QIE#*+1X+I$'8 24 HIOEHS2!: 2: HAH+1: BH2!:OE#2.1-4) 31 OE#! #PII#$3EO!
-'OE.ONSE#.#18:'8A).$:".1+$@ @#2!.9*2 HMDUEH C*09#2' #2AB+!; DI9E#1+) 2*9$:'|
**AD.$.01SE#IC2#BS$:).| #89E:GH#+19E*0IG:-# I#PES$;$O!": 1#B$+#'8#1: @!8*98E$'31)CI9:!

-#'FI9E*9!I*+:C9$:'l;DL; A*8H.IG*.I'#B#2*E#* HO@#2.FI*'+19E*9!($.C*'$8.1"*22: GI9E#$2!



2541 BHCL) 9141 Q2 HISO0IT)20EH2- 2BEHICHHAIH)AQ. 14+:1 9L ##-ICA¥). S AHS|
OE#$2!:G'12$3EFI3SBH':OEH#21#.9$ DM IAB +#-*+ X 12$#3#21Z1 ) FI5<<=\ITA*--!
ZIUE*)+E)2$FI5<<[\IM9*9: F15<<"YQ!!!

"EDI+I9E#IC*#AI2#.)A9.1-$.8E*2*GOMBAE #1+D'*-$8.1: @ 19E#1: 2:%+: ¥ +1%+:CO$:'|
3*C.NIISE#IS:-C*2$.."19:19E#12#.)AQ.| GEE#1+)2*0$: - +#AlS$. " OI#P*8OF | $'8#I9E#!
#.9$-*0# 1S 1OE#IC2#BS$:).| #89$: *2# I *BQBHE: A+ AHBHAIX+IOEEHDHI* 2#1*O I OEH A#BHA!
:@9EHU# )., A:8HO! I (:GHBH2FI*33243*9$#!. E1)A+!":01824#*0#! )8EIG$+H#AD!+$@ @#2%$'3!
2#.)A9.0!1S:19#.919E$. FIGH#!*3324#3*QOHMOEHE ! A:8HISEIAHBHAF ¥ +124962+']
1.9$-*9%:'1e011>AOE ) 3EIOE# A#BHA. | @OB#H13*C.|@:2!G:-# F; A*8H.F1*'+!
($.C*$8.1+$@ @#2#+!..-#GE*Q| @2:- TS DEMTH #2*Al E*CH#!: @9E#18) 2B#.1G*.19E#!
FHO!!

>1-: 2 ASHHAD! 24 19E*QIOE#I CYGI-EI*A IOE#182:. % #89$: *Al+*9%0+:!
91C2:C#2ADI8*CO)2#9E#!+D"*-$8.1: @ OE#IBH T HHIOE*OILMNI;#8:#. *B*$A*; A#I*O
+$@ @#24'919$-#.1$'1+$@ @H2H#' 9 BHOEHSH 1S |- +H#AIS. 19S-#IHAC #+1. $'8#!
“BrSA* SASIDFIGEH2#* 1S I9EHICH#AIBYAMSIRINS-#0! SE#ICH #AI#.9$-+9$:' 19E) !
)@@#2!@2:-18:-C:.$9$: #@ @#89.F!.$' SHEHDRI- ' OEIOEH A 2 HG ¥ 24+ 14++#+19:]
OE#! *-CAH#I* ILMNI#8:-#.*B*$A*; A#O!IT) 29R#FI$'1*DI82:..9489%:': @ OE#I C*#AF!
28 IGSAAIE*BHIE*+1*88#..19: LMN! @ 'QE:FIGESA#I$IIGSAA! #I'HGAD!$'92:+)8#+!$'!
[QEH21¥24* 017 @!8:)2 #FIOEH#ICH #Al+*91989h: 23 $K#+19:|E*BHIOEH! *-#19$-$'3!
8:'B#'9$: ¥ 1+:10E#1+)2*0$: - +#A.0!(: GHBH#2FIC2:;$9!#.9$-*9$:':@!-'9EAD!
[ H2B*O$: 1 19$-#19:1%+:CO$ 1S, 1-H#2#AD M) 2%9$: |- +H#AISO #A@O! (: GHBH2F1+$.82#0#!
+)2%9$: - A .08 08+ 1; DIC2: B* 2HI HEOEH21* 14* DIO:I$'O#2C 249! 21% I0) 2*AADIAS H#H+ !

9:19E#])+#2AD$'314)2%9$: 1C21848.1:)21+) 2598 1 +#A0 !

6!



CONCLUSION
1)2%9%:1**AD.$.18%|;#1*]) #@)Al**ABBI$-CA#-#'91$' 19BHIAL Pl @!+$3$9*Al

+$BS+#12# #*28E#2.011UBIHAL.O)+$#.1-*DIESIEASIEOFIEOH 8H#1: @ |+ $BS+. 101!
C:$'91$'19$-#IX*AOE: ) 3EIQEHD I +HEHDY F ¥ +1$ +##-+1-*DIMAIOE*Q1$.IC: .. $; A#I$ IOEH!
$'SOS*ALO*3H. 1 @!-'$IBH-CI$:': @ *I'HGI9H#BE " A:3DQGH#BH2FIGSIE!:) 2!LMN!
*4:CO$'H*9%14) 249 ¥+ AD . $.I3$B#. 1*1-: 28 CAHOHI C$89) 2HIINZIS$B) A*2F14) 2%9$: |
**AD.$.!.E#+.1AS3EQ!IE:GI32:)C.IC2:324A:I319E#$2!*+:CO$:'18) 2B#.01 1: A$8D-*H#2. !
8*'1) HIOEHIS @:2-*9$:'19:1$+#'9$@D!32:)LIE@SBEIOE#!*+:CI$:'13*CI$. | GS+#'$'312* O E#2)!
OE*IBA:.$'30!"ESAH!.-#!: @9EH$ #2IGETH: @!+)2*9$: ¥ *AD.$.I-*DI*CCH*21+28* #1
9:1C:A$8D-*H#2.IGSOE:)91.);. O OS*Al#8: " -HEIEE:) +*9$: . FIOEHI 2#.)AQ. I8 L:#I C2H# # O+
$'1%+:C9$:'18)2B#.FIGESBE *2#1#* D! @: 2 HBEHB* 124"+ 1132+ CE19:1$'9#2C 2491+
)'+#2.9%+01!!
>AOE:)3EIGHIE*B#I8:'8#2'#+!:) 2. #AB#.I$'19E$.18BE*CI#21C2$-*2$AD!IGSIE!!
HOE:+:A:3$8*AIS..)#.FL))21G:2H1.) 33# GHIC: A$BDI2#8:--#'+*9$:' 011 T:214) 2%9$:
**AD.$.10: - #ICH2@:2-#+FIA;'3$9)+$*Al+¥0*1-) QL #I*B*SAX A#L'IE:) #E:A+.0!IS:IOE#!
HPO#'QIOE*O1+)2+0$: 1 * AR B#.!) #@)Al@: 21* *ADK $EI+AB- $B$+#.F1$9! @:AA:G.I9E*9!
C2$:2$9D!$'1+*0AI8HBI$: ' E1)A+!3:19:1@:AA GFBIGECH CAH!:2IE:) #E:A+.1:BH#2!
0$-#F12*QE#219E > 1-#2#AD!.)2B#D$ 3B38@ @#:2893:.0!15).F1: @ @$BF*AL2:%+;+!
9%0$.9$8.18: AAHBOH#+IS ICHHAI @: 2-HEYBEL 204+ %+ P C*+#+01I SEH OOMO!I TH#+#2*Al
Ui--)'$8%0$: IU:--$..$:12#84#  OADI2#8:--#'+#+19:I9E#I UHR) 2#*)|9E QI 9E#!
>-#2$8*'1U:--)'$9DIM)2B#DIX>UMY 1J)#.9%: *$ 241 #1- +$@$#+19:I3*OE#2I$' @:2-*9$:'|
%91 205+ H+ I BAGAR SASOBH ). 82$CI$: 1S E:) #E:A+.0%1(:GHBH#2F13$BH# 19E*9I9EH#!
SUMI+:#.11912# *-CAHOE#H *-#IE:) #E: A+ EH2E*C.1: @ @$8$*A.)CC:291G: ) A+!:#1:#99#2!

+$2#89#+19:1C*#A.1.)8E!*.I9E#!U) 22# ' 9tDE)IM) 2B#D! @2:-19E#!OOMO!R) 2#*)|: @ !N*;:2!

o<!



M9*9%$.9$8.F!*1A:'3$9)+$ *ADYPHESSEE*.1* H#+1J)#. 9ORHA*9$'319:1; 2:%+;*' +I$'IOEH!
C*.90!

APPENDIX
SE$.|9#8E'$8*Al #89$:'I+#*A. |GSIEBOBABH )., A:BHUA#BHA!:; #2B*9$:".19:!

*|E:) HE:A+%AHBHAIY*AD.$.1@:2!-*P$-)-IASHH#ASE ::+1#.9$-*9$: IX&N/YOISE#!$. )#.!
+$.8). #+IEH2HI*2#1) $I)#19:1:)2*0* #OI*+18% | #1$3  2H#+B @ E:) HE:A+!:; #2B*9$:" . 1*2#!
*B*$A* A#O!

N#QIQE#!)-#2!: @E:) #E:A+.1$'1*IU#).1; A:8H!: DO LA@$#IX8:-C:)'+Y 1#B#'9!
EI* I9E#@$2.9!E:) #E:A+!*+:C9$:'lI@'ONB8) 225'31)' 9SAI 9$-#1$' 942 BEA Y F1#B#M!
* 19E#1@$2.91*+:C9$:'1:88)22$' 3 #@* 2 B# T I* 19E#! @$2.91*+:C9%$:':9!:88)22$'3!
)'OSA* @ IR0 M$'8#!14#B# BFP FI*'+IF 1¥2#1-)9)*AADI#P8A) $SBH#!* + I#PE*) 9$B#FIG#IE*B#?!
! 12EY!qI12¢ gl 1% 1d!16! X>6Y!
M$'8#19E#18:-CA#-#'9! 8. 19E*I*AAI*+: COHQEHBEIE*.IC2:;*; $ABOPF IGHI E*B#!
12RY!d!6 43001 M$-$SA*2 ADIFVI8R{q( YO!!U:-;$'$'3I19E#.#!@*89.!GSIE!X>6Y!$-CASH.!
! 12KY!1dBP " 'Gig( V! X>5Y!
S*H$'3!1*1 #8:'+%:2+#2!S*DA:2g.1#PC*.$:'|.E:G.19E*9!
! G{q( Y'dIGPIg!( DGOP*RAXY 100X V! X>AY!
GE#2BRY |-#+ 119#2-.1:@!:2+#22m0!!/PC2#..$'3I9E#12$3E9! $+#: @I X>5 Y I*. I¥I 2*Q#F |
*CCADS$'3IX>NYFI*+1:9$'31 IBIdVX Y I XOE#ICO+0@0Y!3$BH#.!

G GX (V
(

* DGIP%+ | Y0 KV X>NY!

56!



S*H$'II9EH#IAS-$9!: @ ! XW & +I#PCASBSIAD!":9$'3IOEH#+#CH#'+1E3 ! @

8:#@ @$BFHAIIBH. I9EHIASHAASE ::+1@:2!*':; . #2B*9$:"?!

! H/ XYDG!X\¥®+XVV X>Y!
GE#2#19E#1.);.82$COl+#":9#.10)*98984@)'89$:".1C#29*$'$'319:!:; . #2B*9$0IM$'8#!

HX Y!$.1C2:C:29%:*ARIOE*9I9#2-18*'|: #1$3": 2#+ | GEH#P$-$K$'319E#! A:3IASH#ASE - +0!!
L2:CC$'3D-FIOE#12#.9:@!X>"Y!$.1#)) SBIMEHALBHAASE +:@!:; #2B$'3!: ' #IE:) #E:A+!
*+:CO$' 3+ +IOEH#: OEHRIYB!E:) #E:A+.1*+:CO$'3* @ 98R!'#!8*'19E). 1#PC*'+1#*8E!
U#'.).LA:BH!:; #2B*9$:1$'9: L #C*2*O#F1$-088*Al:; #2B*9%:".| @ 21#*8E!E:) #E:A+F!-*2H!
*AAL)OI#L: @19E#-1*.18#'. . 2#+F1*'+ICH2@N/! " 19E#I#P C*'+#+1+*9* #90!ISE#!;A:8H!
8E*2*89#2$.9$8.1*2#!1*. . $3'#+!9:1#*8E!E ) HB:RIOE#$2!8:B*2$*9#.0!!S:1*88:)' 9! @: 2| 9E#!
@*89I9E*9!:'AD!'#!:; #2B*9$:" IC#2IU#".).; AI8.1*B*$A* A#FIOE#!.9*'+*2+1#22:2.1-).9!
*88:)'9!@:2!8A).9#2%'3I*9I X*OIIREEHAVH'.).|; A:8H! A#B#AMYWIIF! G#!8A) . 9#21*9I*IESIE#2!

A#HB#AL@!:; #2B*9$:"1$'19E#!9#P 90!

REFERENCES
UE*)+E)2$F!>0FI TA*--FlaOF!Z!(:22$3*'F!, ObXBX<!>*AD.$.I: @!9E#!L#9#2-$'9..: @!

V'9#2'#91>884. I8) & 70##J$"7(1"0$/'K0)"71L' ENRr6r[bbO!
U2*+*AAFI]0I"OF!IIM$+*HF!,01QOF! ZYABEXBRKSY 01 SEAY/-C$2$8*AlU* #1>3*$' 0]
> D--#92$81]#3)A*9$:'1: @R 2:*+;*+I\'O#2'#0!>88# 28 @ &) &1'1&7-$0) 0% 1'H(,'
NOJ.$()L'ARBY FI*Fljb o%j=[0!!
L)@ @D%L#":Fla0!SOIX5<<<FIMH#CBHEBHM! -"%-</3&&5'(T7&//10"-&"'$1&.$&

(#0$%"$!&.$&!"'-0J/&-0)30!1:G#21:$'9!112# .#'9*9$IIVUTU!5<<<FIM#*99A#F!">0!!

55!



[#92$#B#+1789:;#2!5<F!5<<eFIEDRCE?ssCGGGO$8@B0SA.9)0#+)s$8@BC*C#2.<<s+) @ @D%
+#":01LTO!

T*$2A$#F!01"0IX5<< YOI *8#!*' +19E#!L$3$9* AHOHB$4300$/'10'P70$0#" 7' ES () 1/"/'
Q'K0)"71L'RO)J#&FSV..)#!I6F!>29$8A#!6b0!

TA*--FlaOFIUE*)+E)2$F!>0!X5<<[YO!>' *"*R@BE#!+#9#2-$*'9.1.@!;2:*+;*'+!*88#..0!
1&)&70##3$"7(1"0$/'K0)"71L 'S X651 5e0!!!

(:G#AAFIROF!IZ!7;2# F1&0!1X5<25)B4($5":"++/"0$T"1&/1"$%'+0.'R"$! (% & F(3"I L'
H&(.$"$%'41"0"$%L'US+0.#(1"0$'?(.."&./'($5'D&!,0. @'P+ORHG tH*A*'+!
V'.9$9)9#!@:2!19E#!M9)+D!: @!U:-C#9$9$:'*'+1]#3)A*9$:'1":2H$'3I1*C#2!IR(<556<0!

(.$*:FIUOIX5<<5EH()1/"/'0+'K($&)":(I( FI5 1#+011U*-;2$+3#10'$B#2.$9D!12#..0!

a*A; @A#$.8EF!,0ILOF!Z!112#'9$8#F!]0!NGRXGHLAYT) ES()1/"/'0+'=(")J.& I"#&'

(1 FIS+I#+01(:HAF! , 21"$A#DO!
a2$+#AFILOF!]*CC:C:29F!10F!Z!S*DA:2!NBKEBHL6Y+!@: 2! ($3EYMCH##+!>88#..19:19E#!
V'9#2'#9?ISE#IU* #1: @!U*; A#l&:+#-.0!V'IN::-$.FILOF!Z!S*DA:2F!NO!X/+0YF!
=0.&7(/'"$%"-&'US$!&.$&IT'V$5&./1($B'-&'P23)0/'9&'W.0,!-'0+":(I(’
FO##J$"7(1"0%/ OIR:.9:"?1aA)G#20!!!

N#$3EF!>0!IX5<L¥0()":"9"5&'($5'?.0(54($5":"9"5& 'X'GO#&';,J)!"3)&'Y &%.&//"0$'
Y&/J)/A)'C);A$.E#+!-*").823COF @2:-!
E99C?ss#8:'2...0*")0#+)0*)su* A#$BEE GBSO *AiS<+$B$+#i5<) C+*9#0C+@!!!

&:)A9:'FIR0!0!IX6jj<YO!N>TVAA).92*9%:": @FE*AA!S'!/.9$-*9% ' J@EHH89.!: @!>332#3*9#!

h*2%*;A#.1:'1&$82:10'$9.(M&9"&,'0+'P70$0#" 7/ ($5'G! (I"/'"7/L'BICN %"=0!
12$#3#2F!,0F!ZI()F!"0!X5<<=YO!SE#'R2:t-$339*AIL$BS+#!*'+I9E#!_#P).|:@!]*8#F!

U:-CHO$9$: FI*+Iv)*ASODGH0.#(1"0$' P 70$04"7/'($5'K0) "BC2X5 Y F16b<%6€[0!

SN


http://www.icfc.ilstu.edu/icfcpapers00/duffy-deno.PDF
http://www.icfc.ilstu.edu/icfcpapers00/duffy-deno.PDF

J*CC:C:29F!10! OF!a2$+#AF!LO0!,0F! StDAISAMS*'1,0!(0F!ZIL)@ @D%L#":F!a0!S0!
X5<<NY 0. $+H# IS Al+#-*'+1@: 21*88AEBRINV'9#2'#90! V' &*++#' FIQO!X/+0YF!
P#&.%"$%'&)&70##$"7(1"0$/'D&!, @ /T'-&'U$!&.$(1"0$()'>($5400@'0+'
1&)&70##J$"7(1"0$/'P70$0#" TRO)* CIX CCO!bbBE#A# E*-FIO0a0?!/+G*2+!
/A3*20!
M*B*3#F!MO!,0F!Z!I"*A+-*'FILO!X5<<bYOIR2M9#2'#9!>88#.. FI>G*2#'#..FI*'+10.#?!!
>*AD.$.1:@!0'$9#+IMO*O#.1(:) HE: A+IL*BRPRI7 0##J$" 7(1"0$/'K0)" 7 1L ' EM6H%
e™M0!
M9*'9:'FINO!, OFIX5<<(W00./"$+)I&$7"$%'!-&' (50B$'0+'.&/"'5&$!"()'4.0(54($5'
7033&7!"0%$/'10"-&"'$ & . SRI2:8##+$'3.1: @I 9EHINIE!>")*Al(*G*$FIV'9#2'*9F: *Al
U:'@#2#'8#!:"IMD.9#-IM8%$#'8#.Fl@2:-!
E99C7?ss8.+A508:-C)9#20:23s8:-CsC2:8##+$'3.SE$8..55<< s5<bes<bs5<beb<65=*0C+@!'0!
M)#D:.E$F!QO!SO0IX6jjbYO!>IUA*..I: @ IRSEZBH&: +#A.1@:2!1Q2:)CH#+1L) 2*9$: IL*9*0!!
NO0J.$()'0+'E33)"&5'P70$0#&!."7/IXAYF!"66% 60!

"#$.#2F!/0'ROIX5<<<YO!Q# +#2!L$@ @WZBBZ A0 #11*99#2" 1*'+I\V'O#2'#9!
>CCA$8*93:"112# @#2#88R1%M*-CA#IU:-C*2$.:'(F14&.K/17-0)0%1'Q"
2&-(9"0.0!>C2$ABEY F16e[%6[=0!!

"E$9*82#FIR0IX5<<[YO!T*89:2.1$' @ AJHEBIRRPAI+$@ @).$:': @!;2:*+;* +1*+:C9%$:'?!

HBS+H#'8H @2:-| THA*E:-E8$()/'0+'Y &%"0$()'G 7" 857 & )E ' ee6%e][jO!



Fraction adopting new technology

1.0

0.9

08

0.7

0.6

0.5

04

03

0.2

0.1

0.0

Figure 1: S-shaped Adoption Curves
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Figure 2: Estimated DSL Adoption Curvesfrom the Duration Model
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Figure 3: Estimated DSL Adoption Gaps from the Panel Data Model
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Table 1: DSL Adoption: Cross-Sectional Estimation Results

! Estimation 1 Estimation 2
oLs Probit
marginal

coefficient s.e. effect s.e.
Female -0.026 0.022 -0.026 0.020
Black -0.033 0.022 -0.030 0.020
Hispanic 0.045 0.029 0.039 0.027
Asian -0.147*** 0.035 -0.131*** 0.027
Other race -0.075%** 0.028 -0.066*** 0.024
Income (log) 0.232 0.228 0.243 0.219
Income (log)
squared -0.012 0.011 -0.013 0.010
Household size 0.011*** 0.004 0.012*** 0.003
Number of Household 4. 13E-4*** 3.71E-5 0.001*** 7.09E-5
R? (OLS)/Pseudo-R? (probit) 0.0657 0.0658
N 51,796 51,796

41d!.$3'$@$8*'91*919E#!6<il A#B#A\I441d!.$3'$@$8*'91*9I9E#!bil A#B#A\I4441d!.$3'$@$8*'91*919E#!6il A#B#AO!
_9#.211:9E#.98-*9$:".1$'8A)+#! A 8* AIO#AHCE :'#!| #ZBBBBISP#+1#@ @#89.F!".9!.E:G'I$'I9E#!9* A#O!IMO*'+*2+!

#22:2.1%2#12:;).919: IE#OH2: H#+*.9$8$9D!*'+I18A).9#2$'31*919E#!; A:8H!B2:) CIA#B#AQ



Table 2: DSL Adoption: Duration Analysis Results

Estimation 3 Estimation 4
Variable coefficient s.e. coefficient s.e.
Female -1.353*** 0.232
Female*M1 -1.633*** 0.253
Female*M2 0.349 0.865
Female*M3 -0.184 0.949
Female*M4 -1.557* 0.867
Female*M5 1.364 1.062
Female*M6 0.365 0.637
Female*M9 0.754 0.936
Female*M22 -3.343** 1.526
Black -0.333*** 0.101
Black*M1 -0.268** 0.109
Black*M2 -10.417** 4.250
Black*M3 -3.041%** 0.548
Black*M4 0.266 0.238
Black*M5 -0.504 0.395
Black*M6 -0.685*** 0.217
Black*M9 -10.431 7.284
Black*M22 0.306 0.377
Hispanic -0.674*** 0.184
Hispanic*M1 -0.982*** 0.209
Hispanic*M2 -0.995 0.776
Hispanic*M3 1.536*** 0.308
Hispanic*M4 -1.498*** 0.550
Hispanic*M5 -4.,326*** 1.147
Hispanic*M6 1.582*** 0.428
Hispanic*M9 -0.778 0.630
Hispanic*M22 -1.568** 0.625
Asian -2.801%** 0.381 -2.765%** 0.380
Other race 0.189 0.246 0.309 0.245
Income (log) -2.510%** 0.266 -2.650%** 0.261
Income (log) squared 0.136*** 0.014 0.142%** 0.013
Household size 0.433*** 0.028 0.422%** 0.028
Month 1 8.847*** 1.340 9.819*** 1.334
Month 2 4.786*** 1.333 5.108*** 1.360
Month 3 5.071%** 1.351 5.258*** 1.434
Month 4 5.762*** 1.349 6.543*** 1.401
Month 5 5.057*** 1.363 4.,718%** 1.492
Month 6 6.782*** 1.342 6.529*** 1.367
Month 9 6.433*** 1.350 6.431*** 1.431
Month 22 5.845%** 1.357 7.576*** 1.543
5% stat (p-value)4 4,855.3 (0.000) 5,562.3 (0.000)
Pseudo-likelihood -253,041.8 -252,085.9
N 1,917,724 1,917,724

41d!.$3'$@$8*'91*919E#!6<i| A#B#A\I441d!.$3'$@$8*'91*9I9E#!bil A#B#A\I4441d!.$3'$@$8*'91*9I19E#!6il A#BHA!
_9#.211,:0E1#.98-*9%: " 1$'8A) +#1. 9*9# 1 +I18* A#'+*2 | D@ EP#+1# @ @#89.F!": 9. E:G'I$'I9E#19*; A#OIMO*'+*2+]

5!



Table 3: DSL Adoption: Panel Probit Estimation Results

Estimation 5 Estimation 6
Variable marginal effect  s.e. marginal effect s.e.
Female -0.066* 0.035
Female*M1 -0.111%** 0.028
Female*M2 -0.107*** 0.029
Female*M3 -0.118*** 0.030
Female*M4 -0.099*** 0.033
Female*M5 -0.079** 0.037
Female*M6 -0.052 0.046
Female*M7 -0.072 0.049
Female*M8 -0.049 0.051
Female*M9 0.086 0.062
Female*M10 0.002 0.071
Female*M11 0.096 0.076
Female*M12 0.125 0.084
Female*M13-M18 -0.021 0.079
Female*M19-M22 -0.045 0.079
Female*M23 -0.261** 0.123
Female*M24 -0.070 0.160
Female*M25-M26 -0.033 0.174
Female*M27 0.243 0.218
Black -0.023 0.038
Black*M1 0.056 0.037
Black*M2 0.018 0.037
Black*M3 0.004 0.038
Black*M4 -0.030 0.039
Black*M5 0.124*** 0.042
Black*M6 -0.064 0.044
Black*M7 0.040 0.051
Black*M8 -0.084* 0.046
Black*M9 -0.180*** 0.048
Black*M10 -0.189*** 0.052
Black*M11 -0.216*** 0.053
Black*M12 -0.256%** 0.054
Black*M13-M18 -0.083 0.054
Black*M19-M22 -0.031 0.053
Black*M23 0.136 0.076
Black*M24 -0.327 0.094
Black*M25-M26 -0.466*** 0.095
Black*M27 -0.711%** 0.101
Hispanic -0.005 0.060
Hispanic*M1
Hispanic*M2 -0.009 0.051
Hispanic*M3 -0.012 0.052
Hispanic*M4 -0.029 0.052
Hispanic*M5 0.104 0.059
Hispanic*M6 -0.084 0.054
Hispanic*M7 0.232%** 0.078
Hispanic*M8 0.176** 0.079
Hispanic*M9 0.296*** 0.087
Hispanic*M10 0.086 0.097
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Continued from previous

page Estimation 5 Estimation 6
Variable marginal effect  s.e. marginal effect s.e.
Hispanic*M11 -0.131 0.096
Hispanic*M12 -0.184* 0.101
Hispanic*M13-M18 -0.090 0.126
Hispanic*M19-M22 -0.021 0.127
Hispanic*M23 -0.219 0.135
Hispanic*M24 -0.781%** 0.153
Hispanic*M25-M26 -0.966%** 0.156
Hispanic*M27 -1.259%** 0.169
Asian -0.172%** 0.047 -0.174%*= 0.048
Other race -0.110* 0.060 -0.115* 0.060
Income (log) 0.218 0.472 0.202 0.476
Income (log) -0.013 0.022 -0.012 0.022
squared

Household size 0.004 0.006 0.002 0.006
Number of households 0.001*** 0.835E-5 0.001**=* 0.850E-5
Month 2 0.027%*=* 0.003 0.032%** 0.007
Month 3 0.037#**= 0.004 0.051%** 0.010
Month 4 0.084xx=x 0.006 0.084x** 0.013
Month 5 0.116%*= 0.006 0.100%** 0.015
Month 6 0.1747*= 0.007 0.155%** 0.017
Month 7 0.202%** 0.007 0.187*** 0.017
Month 8 0.198*** 0.007 0.180*** 0.017
Month 9 0.215%** 0.007 0.178*** 0.020
Month 10 0.216*** 0.007 0.214%** 0.019
Month 11 0.222%** 0.007 0.203*** 0.022
Month 12 0.249%** 0.006 0.220%*** 0.021
Months 13-18 0.180%*= 0.007 0.171%** 0.027
Months 19-22 0.1647**= 0.005 0.150%** 0.029
Month 23 0.242%*= 0.008 0.260%** 0.018
Month 24 0.283*** 0.006 0.295%** 0.007
Months 25-26 0.287*** 0.006 0.297*** 0.007
Month 27 0.287*** 0.006 0.296*** 0.007
Pseudo-R’ 0.3224 0.3296

N 411,477 411,477 |
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